Recipient beef heifers, pregnant with single demi-embryos, were paired according to identical twin or full-sib embryo. Within pair, recipient heifers were assigned to one of two isocaloric diets containing a control or restricted level of protein (91 vs 55% of National Research Council recommendations) on d 190 of gestation. Following parturition, calves were weighed, fed 1 liter of colostrum, dried and placed in a metabolic chamber at 5 h of age for an 8-h determination of heat production (HP). Maternal body weight gains (P<.001) during the last trimester and body condition scores at parturition (P<.05) were reduced in heifers fed the protein-restricted diet. Calves born to heifers fed the protein-restricted diet had 11.4% lower (P<.O5) HP than calves born to control heifers (43.7 vs 49.3 kcal'kg -1 "d -~ ). Birth weights, respiratory quotients and rectal temperatures of newborn calves were not significantly affected by prepartum protein restriction. Within treatment groups, the relationship between HP and weight was described by the equation: HP (kcal/d) = 2.30 wt TM. The allometric exponent of 1.86 -+ .26 implied that weight-specific metabolic rate was higher rather than lower in larger weight calves. We concluded that the thermogenie ability of neonatal calves may be compromised by prepartum protein restriction and(or) small birth weights.
Introduction
Considerable economic losses are incurred by the beef industry each year due to perinatal calf mortality. Reported calf mortalities range from 8 (Bellows et al., 1979) to 13.5% (Wiltbank et al., 1961) . Fifty percent of calf losses occur within 24 h of birth (Kroger et al., 1967) .
Nutritional deprivation of the dam has been shown to reduce birth weights with no subsequent change in dystocia or calf survival (Laster, 1974; Bellows and Short, 1978) . However, Corah et al. (1975) and Warrington et al. (1985) demonstrated that prepartum nutritional restriction adversely affected calf mortality. In accordance with the latter studies, Bull et al. (1974) found that prepartum protein intake was inversely correlated (r=-.74) with the incidence of weak calf syndrome.
One potential manifestation of prepartum nutritional stress that may relate to calf mortality is an altered thermogenic ability in the neonate, as suggested by Alexander (1962a,b) in lambs. In support of this postulate, Koritnik et al. (1981) demonstrated that prepartum dietary restriction in ewes reduced liver weight per body mass in newborn lambs. Since the relationship between proportional weights of metabolically active organs and heat production has been well established (Koong et al., 1985) , poor prepartum nutrition may indeed alter a neonate's thermogenic ability, thus compromising its resistance to environmental stress factors.
The principal objective of the present study was to determine the effect of prepartum protein level on the thermogenic rate of newborn calves. In addition, the relationship between birth weight and heat production was examined, since small calves are less tolerant of cold stress (Young et al., 1986) .
Materials and Methods
Super-ovulated donor females were flushed nonsurgically (Elsden et al., 1976) 7 to 8 d post-breeding. Collected embryos were graded (Elsden et al., 1978) Ingredients and composltmn expressed on a dry matter basis.
bMineral supplement consisted of a mixture of trace mineralized salt (50.0%); biophos (36.7%) and limestone (13.3%).
CMetabolizable energy of corn silage (Mcal/kg DM) was based on proximate analysis (crude protein and crude fiber); soybean meal and vegetable oil was calculated from NRC (1984) . (Williams et al., 1984) . Estrous-synchronized, recipient beef heifers were implanted with single demi-embryos 7 + 1 d following estrus. Following pregnancy determination, heifers were paired by identical demi-embryo. In the case where one demi-embryo of an identical pair failed to survive, that recipient heifer was paired with a heifer pregnant with a full-sib related demi-embryo. On d 190 of gestation, recipient heifer pairs were randomly assigned within pair to either a control or restricted protein ration (table 1) . Formulated rations were isocaloric and met 91 and 55% of NRC (1984) protein requirements, respectively. A mixture of trace mineralized salt, biophos (21% P; 15-17% Ca) and limestone (50.0:36.7:13.3) was provided ad libitum. An injection of 1,500,000 IU vitamin A, 25,000 IU vitamin D and 15 IU vitamin E was given on d 205 of gestation. Within treatment, heifers were randomly assigned to pens of five each. Body weights and body condition scores (Richards et al., 1986) were obtained on d 190 of gestation and at parturition.
Feed and weigh-back samples were analyzed for nitrogen by micro-Kjeldahl procedures (AOAC, 1975) . Metabolizable energy for corn silage was estimated from proximate analysis values; metabolizable energy values for soybean meal and vegetable oil were obtained from NRC (1984) .
Of the 11 calf pairs used in this experiment, seven were identical twin pairs and four were full-sib pairs. All calves were F1 crosses of either Hereford and Angus, Barzona and Hereford or Piedmontese and Hereford. Ten calves were male and 12 were female (table 2) .
Following parturition, calves were separated from dams, weighed and rectal temperature was measured. Calving difficulty score was recorded, based on a scale from 1 = no assist to ~ = cesarean section. Colostrum was milked out,by (Kleiber, 1961) . At approximately 40 min of age, calves received 1 liter of their dam's colostrum via esophageal feeder. Calves were then dried with vigorous rubbing and a warm air-dryer and placed into a metabolic chamber at 5 h of age for an 8-h determination of heat production. Rectal temperatures and weights were measured prior to entry and upon removal from the chamber. Activity of the calf (standing vs recumbency) was measured by attaching the calf to a micro-switch with an elastic strap. The switch, and thus calf position, was monitored with a continuous multipoint recording device.
Heat production was determined for each calf with a dual chamber, open-circuit, indirect respiration calorimetry system. The system was described by Haaland (1978) , except that smaller chambers (1,980-liter volume) and smaller flow meters (150 liters/rain, maximum) were used. Relative humidity, barometric pressure and temperature of chamber air were recorded periodically during the 8-h measurement to standardize air flow through the chamber. Gaseous exchanges measured with this system were used to calculate heat productions according to Brouwer (1965) . The system was calibrated for 02 consumed and CO2 produced by burning of absolute ethanol in alcohol lamps following the trial. Recoveries (observed/expected) for CO2 and 02 were 97.4 and 101.6%, respectively. Heat production was expressed on a daily basis as kcal/kg of body weight and as kcaI/m 2 of body surface area (A). Surface area was estimated as follows: A = .15 wt "s6 (Brody, 1945) .
All data were subjected to analysis of variance with pair and treatment included as main effects. Breed, sex and pair relation (identical pair or full-sib pair) did not affect response criteria, so were not included in the final model. Regression analysis was used to examine the relationship between heat production and weight.
Results and Discussion
Total protein intake was 35% lower during the last trimester in heifers fed the protein-restricted diet. In addition, these heifers consumed 8.3% less dry matter which resulted in a slight reduction in metabolizable energy intake compared with control heifers (table 3) . Heifers fed the protein-restricted diet gained 84 kg/head less (P<.001) in body weight during the last trimester and had lower (P<.05) body condition scores at parturition.
Heat production (HP) of calves born to heifers fed the protein-restricted diet during the last trimester of pregnancy was 11.4% lower (P<.05) than HP of calves born to control heifers (43.7 vs 49.3 kcal.kg-l-d-l).
Heat production expressed as kcal.m-2.d -I was also lower (P<.05) in calves born to proteinrestricted heifers (table 4). The treatment dif- bsurface area (A) was derived according to Brody (1945) : A (m a )=.15 wt "s~ .
tp<.10.
*P<.05.
ference in HP (kcal/d), independent of body size adjustment, failed to reach the same level of significance (P<.10). Respiratory quotient and rectal temperature at birth and following chamber measurements were unaffected by prepartum protein nutrition. Basal metabolism of neonates is affected by a number of factors that may confound experimental results, the most evident of these being ambient temperature. Ratio of summit metabolism, a measure of maximum rate of heat production in response to cold temperatures, to basal metabolism was 4.6:1 in newborn iambs (Eales and Small, 1980 ) and 3.6:1 in newborn calves (Young et al., 1986) . Other factors known to affect basal metabolism in neonates include: 1) colostrum intake (LeDividich and Noblet, 1984; Eales and Small, 1981) , 2) age ( Thompson and Clough, 1970; Vermorel et al., 1983) , 3) physical activity (Vermorel et al., 1983) , 4) hypoxic conditions due to dystocia (Vermorel et al., 1983; Eales and Small, 1985) and 5) weight (Alexander, 1962a; Young et al., 1986) .
A summary of these factors, measured in the current experiment is presented in table 5. By experimental design, variation in heat production due to age, time after feeding, colostrum energy intake and environmental temperature were minimized, and as a result were not significantly different. Other potential confounding .14 1.4 aTreatment effects were nonsignificant (P>.I). bResidual standard deviation. CN=10 for restricted; N=9 for control. dCalving difficulty score (l=no assist; 5~-cesarean section).
factors not controlled by experimental design included physical activity, weight, dystocia and gestation length. Level of prepartum protein fed during the last trimester did not significantly alter these factors. Alexander (1962a,b) suggested that preparturn nutrition in ewes may influence neonatal metabolism. In his trial, ewes were fed high or low levels of the same diet during the last 2 mo of gestation to achieve body weight gains of at least .1 kg/d and losses of about .1 kg/d, respectively. Lambs born to nutritionally restricted ewes had lower basal metabolic rates than lambs from ewes fed at the high level. In support of this observation, lambs body fat content was reduced and survival time upon starvation was significantly impaired by restricted prepartum nutrition (Alexander, 1962b) .
Evidence to support the postulate of a suppressed metabolic rate in neonates born to nutritionally restricted mothers was provided by data on weights of metabolically active organs in newborn lambs. In general, lambs born to ewes nutritionally restricted during late gestation, had smaller birth weights and smaller proportional visceral organs weights (Wallace, 1948; Sykes and Field, 1972; Koritnik et al., 1981) . In the latter trial, a 68 and 50% restriction in protein and energy levels in ewes during late gestation decreased lamb birth weights, as well as spleen, liver, kidney, heart and brain weights (P<.005). More importantly, liver weight relative to body size was 15% (P<.05) smaller in these lambs. Visceral organ tissues, relative to the whole body, have intense metabolic rates. Consequently, reduction in the proportional mass of visceral organs due to restricted level of nutrition, would be expected to lower an animal's metabolic rate. This relationship has been well established by Koong et al. (1985) in growing swine and sheep.
The average HP of 1,530 kcal.m -2.d -1 for calves born to control heifers is in close agreement with 1,561 kcal.m-2-d -1 reported by Young et al. (1986) for beef calves that ranged in age from 2.5 to 15 h or age. Thompson and Clough (1970) , however, reported HP (based on 02 consumption) for 3-h-old Ayrshire to be 1,704 kcal,m-2.d -1 . A higher HP for a dairy breed is not surprising, because Vermorel et al. (1983) demonstrated that newborn Friesian calves have substantially higher HP than either Charolais or Salers.
Within treatment groups, the relationship between HP (kcal/d) in neonatal calves and The allometric exponent of 1.86 + .26 was greater than unity (P<.005) and far exceeds the exponent of .75 established by Kleiber (1932) and Brody and Proctor (1932) to relate basal metabolism to body weight among mature mammals of different species. Removal of the two observations exhibiting the lowest HP values, which appeared to be potential outliers, failed to reduce substantially the slope (1.53 + .39) of this equation (P<.10). An allometric exponent greater than 1 indicates that the decline in weight-specific metabolic rate, normally exhibited in mature animals, was reversed in these 9-h-old calves. Considering the weight range, HP per m 2 of surface area was nearly doubled in large as compared with small calves. Maintenance of homeothermy during cold stress, therefore, would have been more difficult in the smaller calves. This phenomenon was noted in pigs by Newland et al. (1952) , who demonstrated that small birth weight pigs were less able to maintain body temperature when exposed to cold temperatures and were slower to return to normal after cessation of chilling than larger pigs. In addition, Young et al. (1986) demonstrated that larger birth weight calves were more cold tolerant. The time required to reduce body temperature to 35 C upon cold water immersion was prolonged by 2.9 min for each additional kg in neonatal body weight.
Evidence exists to support and to dispute the idea that metabolic rate in neonates is proportional to a metabolic body size calculated as weight to the power of unity, rather than as weight to a fractional power. Alexander (1962a) found that summit metabolism in lambs (2 to 3 d old) expressed as kcal/unit of body surface are increased with increasing body weight and when expressed as kcal/unit of body weight, summit metabolism was constant with increasing weight. Mount and Stephens (1970) with newborn pigs (1 to 6 d old) and Young et al. (1986) with newborn calves (2.5 to 15 h old) concluded that basal and summit metabolic rates were constant when expressed per unit of body weight, and increased as body weight increased when expressed per unit of surface area.
In support of Kleiber-Brody law, Holmes and Davey (1976) found that fasting heat production in calves was proportional to body weight to the .73 -+ .06 power. These calves, however, ranged in age from 3 to 40 d. The data of Small (1980, 1981) also support the use of a fractional exponent to determine metabolic body size in neonates. In the former trial, the metabolic rate of lambs less than 4 h of age was proportional to a metabolic body size calculated as weight to the .65 + .13 power.
In summary, feeding of a protein-restricted diet to pregnant beef heifers during the last trimester of pregnancy reduced (P<.05) HP in their 9-h-old calves by 11.4%. Birth weight, respiratory quotients and rectal temperatures in these calves were not significantly affected by prepartum protein treatment. Within treatment groups, the allometric exponent relating HP and body weight was greater than 1, which implied that weight-specific metabolic rate increased rather than decreased with increasing body weight in 9-h-old calves. An impaired thermogenic ability in neonatal calves, as a result of prepartum nutritional stress and(or) small birth weights, may be one of the etiologic factors involved in neonatal mortality. 
